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GENERAL FEATURES OF DESIGN 



INTRODUCTION 



The Bridge Code in outline form was originally drafted in 1944-45 
by the Bridges Sub-Committee. The Code was redrafted by the Office of 
the Consulting Engineer (Roads) in consultation with the members of the 
Bridges Committee and was circulated to the Chief Engineers of the Public 
Works Departments of all States in India. It was also discussed at the Indian 
Roads Congress Session at Jaipur held in 1946. An expanded Bridges 
Committee modified the draft in the light of the comments received from 
the Chief Engineers of States* the discussions at the Jaipur Session and the 
discussions at the Bridges Committee meeting held from time to time and 
this Code was first published in January, 1956. 

Some changes had later been approved by the Bridges Committee 
in the light of subsequent discussions at the Committee meeting^s. The 
Second and Third Revisions were published including the approved 
changes. 

The Executive Committee of the Indian Roads Congress approved 
the publication of the Fourth Revision in meU"ic units. This Code was 
revised by the Bridges Committee, and was later published as the Fifth 
Revision. 

Subsequently the Sixth revision was brought out based on the 
provisions contained in IRC:78- 1 983, Standard Specifications and Code of 
Practice for Road Bridges, Section VII - Foundations and substructure. 

The General Design Features Committee (B-2) (personnel given 
below) in its meeting held on 2 1 . II .96 finalised the draft "General Features 
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of Designs" (7th Revision). 

A.D. Narain Convenor 

A.K. Banerjee Member- Secretary 

Members 

S.S Chakrabcfity G R. Haridas 

D.T Grover M.K. Mukherjee 

D.K. Kanhere A. Chattopadhyaya 

S B. Kulkami P L. Manickam 

M R. Kachhwaha CE (Design), PWD, Gujarat 

A. K. Saxena P.K. Saikia 

B. K. Miltal N.C. Saxena 
Vijay Kumar A.K. Mookerjee 
Dr. B P. Bagish Dr. G.P. Saha 

Corresponding Members 

B.C. Roy S. Sengupta 

Ex-Offido Members 

The President, IRC The DG(RD) 

(M.S. Guram) (A.D. Narain) 

The Secretary, IRC 

(S C. Sharrna) 

The Draft was approved by the Bridge Specifications and 
Standards Committee and the Executive Committee in their meetings held 
on 12.3.97 and 29.3.97 respectively. 

The draft was approved by the Council in their meeting held at 
Aizawl on 17.4.97. 

This publication is meant to serve as a guide for engineers, 
engaged in the design and/or construction of road bridges. The provisions 
herein shall be used with discretion and care shall be taken to ensure that 
the stability and soundness of the structures designed and/or constructed as 
per these provisions are satisfactory. 

The design and construction of road bridges require an extensive 
and thorough knowledge of the science and technique involved and should 
be entrusted only to specially qualified engineers with adequate practical 
experience in bridge engineering and capable of ensuring careful execution 
of work. 
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100. SCOPE 

This Code deals with the general features of design of road bridges 
and the recommendations of this Code shall apply to all types of bridges 
constructed for use by road traffic or other moving loads. 

101. DEFINITIONS 

The following definitions shall be applicable for the purpose of 
this and other sections of the IRC Standard Specifications and Code of 
Practice for Road Bridges. 

101.1. Bridge 

Bridge is a structure having a total length of above 6 metres 
between the inner faces of the dirt walls for carrying traffic or other moving 
loads over a depression or obstruction such as channel, road or railway. 
These bridges are classified as minor and major bridges as per classification 
given below : 

(a) Minor Bridge : A minor bridge is a bridge having a total length of 

upto 60 m. 

(b) Major Bridge : A major bridge is a bridge having a total length of 

above 60 m. 



Bridges shall be graded as important essentially on the basis of the 
seriousness of the consequences of their distress/failure and the extent of 
remedial measures involved. 

101.1.1. Culvert 

Culvert is a cross-drainage structure having a total length of 6 
metres or less between the inner faces of the dirt walls or extreme venlway 
boundaries measured at right angles thereto. 

101 1.2. Footbridge 

A foot bridge is a bridge exclusively used for carrying pedestrians, 
cycles and animals. 

101 1.3 High level bridge 

A high level bridge is a bridge which carries the roadway above 
the highest flood level of the channel. 
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101.1.4. Submersible bridge/vented causeway 

A submersible bridge/vented causeway is a bridge designed to be 
overtopped during floods. 

101.2. Channel 

A channel means a natural or artificial water course. 
101.3 Clearance 

Clearance is the shortest distance between the boundaries at a 
specified position of a bridge structure. 

101.4. Freeboard 

Freeboard at any point is the difference between the highest flood 
level after allowing for afflux, if any, and the formation level of road 
embankment on the approaches or top level of guidie bunds at that point. 

101 .5. Highest Flood Level (H.F.L.) 

Highest flood level is the level of the highest flood ever recorded 
or the calculated level for the design discharge. 

101.6. Low Water Level (L. W.L) 

Low water level is the level of the water surface obtaining 
generally in the dry season and shall be specified in case of each bridge. 

101.7. Length of a Bridge 

The length of a bridge structure will be taken as the overall length 
measured along the centre line of the bridge between inner faces of 
dirtwalls. 

101.8. Linear Waterway 

Linear waterway of a bridge is the width of the waterway between 
the extreme edges of water surface at the highest flood level measured at 
right angles to the abutment faces. 

101.9. Effective Linear Waterway 

Effective linear waterway is the total width of the waterway of the 
bridge at HFL minus the effective width of obstruction. The effective width 
of obstruction is to be worked out as per Clause No. 104.6. 
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101.10. Safety Kerb 

A safety kerb is a roadway kerb for occasional use of pedestrian 

traffic. 

101.11. Width of Carriageway 

The width of carriageway is the minimum clear width measured 
at right angles to the longitudinal centre line of the bridge between the inside 
faces of roadway kerbs or wheel guards. 

101.12. Width of Footway or Safety Kerb 

The width of footway or safety kerb shall be taken as the minimum 
clear width any where within a height of 2.25 meUrcs above the surface of 
the footway or safety kerb, such width being measured at right angles to the 
centre line of the bridge, Fig. 1. 




Fig. I. Width of Footway (Clause 101.12) 

101.13. Super Elevation (Cant or Banking) 

Super elevation is the transverse inclination given to the 
cross-section of a carriageway on a horizontal curve in order to reduce the 
effects of centrifugal force on a moving vehicle. 
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102. COLLECTION OF DATA 



All detailed information for a complete and proper appreciation 
of the bridge project shall be included in the project documents. Generally, 
the following information shall be furnished. 

102.1. General Data including Maps, Plans and 
Topographical Features 

102.1.1. An index map to a suitable small scale (toposheets in 
scale one cm to 500 m or 1/50,000 would do in most cases) showing the 
proposed location of the bridge, the alternative sites investigated and 
rejected, the existing means of communication, the general topography of 
the country^ and the important towns, villages etc. in the vicinity. 

102.1.2. A contour survey plan of the stream showing all 
topographical features and extending upstream and downstream of any of 
the proposed sites, to the distances shown below, (or such other greater 
distances as the engineer responsible for the design may direct) and to a 
sufficient distance on either side to give a clear indication of the 
topographical or other features that might influence the location and design 
of the bridge and its approaches. All sites for crossings worth consideration 
shajl be shown on the plan. 

102.1.2.1. 100 m for catchment areas less than 3 square km 
(scale not less than 1 cm to 10 m or 1/1000) 



1 02. 1 .2.2. 300 m for catchment areas of 3 to 1 5 square km (scale 
not less than 1 cm to 10 m or 1/1000) 

102.1.2.3. One and a half km or the width between the banks, 
whichever is more, for catchment areas more than 1 5 
square km (scale not less than 1 cm to 50 m or 1/5000) 

102. 1 .2.4. In case of meandering rivers, the provisions made in 
Clauses 102.1.2.1. 102.1.2.2 and 102.1.2.3 may be 
suitably reviewed. 

NoU: In difficult country and for crossings over artificial 
channels, the engineer responsible for the design may 
permit discretion to be used regarding these limits of 
distances, provided that the plans give sufficient 
information on the course of the channel and the 
topographical features near the bridge site. 
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102. 1 .3. A site plan, to a suitable scale, showing details of the 
site selected and extending not less than 100 metres upstream and 
downstream from the centre line of the crossing and covering the 
approaches to a sufficient distance, which in the case of a major bridge, 
shall not be less than 500 metres on either side of the channel. In case the 
river is meandering in the vicinity of the bridge site, the course of the river 
extending a suitable distance not less than two loops on either side of the 
proposed crossing shall be plotted on the site plan. The following 
information shall be indicated on the site plan. 

102.1.3.1. The name of the channel or bridge and ofthe road and 
the identification number allotted to the crossing with the location (in 
kilometres) at the centre of crossing. 

102. 1 .3.2. The direction of flow of water at maximum discharge 
and, if possible, the extent of deviation at lower discharges. 

102.1.3.3. The alignment of existing approaches and of the 
proposed crossing and its approaches. 

102.1.3.4. The angle and direction of skew if the crossing is 
aligned on a skew. 

102.1.3.5. The name of the nearest inhabited identifiable 
locality at either end of the crossing on the roads leading to the site. 

102.1.3.6. Reference and R.L. of permanent stations and bench 
marks used for layout duly connected to G.T.S. benchmark, wherever 
available. 

102.1.3.7. The location and identification number of the 
cross-section and longitudinal section taken within the scope of the site 
plan, and the exact location of their extreme points. 

102. 1 .3.8. The location of trial pits or borings, each being given 
an identification number and connected to the datum. 

102.1.3.9. The location of all nullahs, buildings, places of 
worship, wells, burial grounds, outcrops of rocks and other possible 
obstructions, which may affect the approach alignment. 

102.1.4. Cross-section of the channel at the site of the 
proposed crossing and a few cross-sections at suitable distances both 
upstream and downstream (at least two cross-sections, one upstream and 
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other downstream of the proposed site), all to a horizontal scale not less 
than 1 cm to 10 m (1/1000) and vertical scale of not less than 1 cm to 1 m 
(1/100) recording the bed levels alongwith the corresponding flood levels 
and indicating the following information. 

102. 1 .4. 1 . The bed levels upto the top of banks and the ground 
levels to a sufficient distance beyond the edges of the channels, with levels 
at intervals sufficiently close to give a clear outline of markedly uneven 
features of the bed or ground showing right and left banks and names of 
villages on each side. 

102.1.4.2. The nature of the existing surface soil in bed, banks 
and approaches and the location and depth of trial pits or borings with their 
respective identification number. 

102.1.4.3. The highest flood level and the low water level. 

102. 1 .4.4. For tidal streams, record of the tidal information, over 
as long a period as possible, including any local information specific to the 
site of work. The form given below is recommended for presenting such a 
record. 

highest high water (HHW) 

Mean high water springs (MHWS) 

Mean high water (MHW) 

Mean high water neaps (MHWN) 

Mean sea level (MSL) 

Mean low water neaps (MI^WN) 

Mean low water (MLW) 

Mean low water springs (MLWS) Chart Datum 

Lowest low water (LLW) 

In coastal areas which are prone to cyclone and storms, increase in water 
level due to stomi surge. 

For bridges across sea maximum wave height above MSL. 

102.1.5. A longitudinal section of the channel, showing the 
site of the bridge with the highest flood level, the low water level (also the 
highest high tide level and the lowest low tide level for tidal channels), and 
the bed levels at suitably spaced intervals along the approximate centre line 
of the deep water channel between the approximate points to which the 
survey plan required in Clause 102.1.2 extends. The horizontal scale shall 
be the same as for the survey plan and the vertical scale not less than 1 cm 
to 10m or 1/1000. 
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102.2. Alternative Bridge Sites and Selection of a 
particular Bridge Site 

102.2.1. A brief description of the reasons for selection of a 
particular site for the crossing accompanied, if necessary, with typical 
cross-sections of the channel at alternative sites investigated and rejected^ 

102.2.2. The cardinal principles to be kept in view at the time 
of selection of a particular bridge site including river training works are to 
provide a suitable crossing consistent with safety and economy and 
acceptable detour from the existing road alignment. The following shall be 
the guiding considerations in this regard :- 

i) Bridge upto a length of 60 m 

The location shall generally be governed by the approach 
alignment witfi minimum shifting for improvement of 
geometries, if required, unless there are special bridge design 

problems. 

ii) Bridges having total lengths between 60 m and 300 m. 

Requirement of a suitable briclge site and proper alignment of 
approaches should be considered together and the nK>st suitable 
site selected. 

iii) Bridges having total lengths in excess of 300 m. 

The requirement of the most suitable site shall have over-riding 
consideration and the site so selected shall regulate the approach 
alignments. ^ 

102.3. Hydraulic Data for particular Bridge Site 
Selected 

102.3.1. The size, shape and surface characteristics of the 
catchment including percolation and interception. 

102.3.2. The slope of the catchment, both in longitudinal and 
cross di. actions. 

102.3.3. The possibility of subsequent changes in the 
catchmen* like afcrestation, deforestation, urban development, extention of 
or reductic n in cultivated area etc. 



9 



IRC:5-1998 



102.3.4. Storage areas in the catchment, artificial or natural. 

102.3.5. The intensity, frequency, duration and distribution of 
rainfall in the catchment giving maximum in 24 hours and in one hour and 
average annual rainfall characteristics alongwith relevant meteorological 
records. 

102.3.6. Hydrographs for one or more years, if possible, and 
in the absence of such data, fluctuations of the water level observed during 
different months of the year. 

102.3.7. The highest flood level and the year of its occurrence 
delimiting the areas flooded. If the flood level is affected by backwater, 
details of the same. 

102.3.8. A chart of the period of high flood levels for as many 
years as the relevant data has been recorded. 

102.3.9. The influence of afflux on areas in the vicinity likely 
to be affected. 

1 02.2. 1 0. Low water level. 

102.3.11. The design discharge (Clause 103), the linear 
waterway (Clause 104) and corresponding average velocity of flow. 

102.3.12. The observed maximum depth of scour with 
corresponding level and details of obstruction or any other special causes 
responsible for the scour 

102.3.13. History of hydraulic functioning of existing bridge, 
if any, under flood like distribution of flow, general direction of river course 
through the structure, afflux, extent and magnitude of flood, effect of 
backwater, if any, aggradation/degradation of the bed, evidence of scour, 
damage to structure and adjacent property, maintenance problems and 
records of any other bridges across the same river in the vicinity etc. These 
observations may be supplemented by photographic documentation. 

102.4. Geological and Seismological Data for particular 
Bridge Site Selected 

1 02.4. 1 . The nature and properties of the existing soil in bed, 
banks and approaches, with trial pit or bore hole sections showing the levels. 
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nature and properties of the various strata to a sufficient depth below the 
level suitable for foundations and the safe intensity of pressure on the 
foundation soil (as far as practicable, the spacing of trial pits or bore holes 
shall be such as to provide a full description of all substrata layers along the 
whole length and width of the crossing). 

102.4.2. Proneness of the site to artesian condition, earthquake 
disturbance and its magnitude. 

102.5. Sub-surface Data 

Sub-surface exploration, sampling, in-situ testing and laboratory 
tests for determining the design parameters for the bridge foundation shall 
be carried out in accordance with Clause 704 of LR.C. Bridge Code, Section 
VII (IRC:78). 

102.6. Environmental Data 

Information regarding usual annual temperature range, 
susceptibility to severe storms, cyclones, tidal effects etc., and probable 
wind velocity, rainfall characteristics, indication of period of rainy seasons, 
relative humidity and salinity or presence of harmful chemicals in the 
subsoil, water and environment. 

1 02.7. Loading and Other Data 

1 02.7. 1 . The load for which the bridge is to be designed shall 
be as per relevant clauses of IRC:6 with aiiy specific variation from those 
clauses, if required to cover special load conditions. 

102.7.2. Special local conditions like traffic intensity and 
pattern to enable the designer to fix the loading to be adopted for the 
footpath and to fix number of traffic lanes required. 

102.7.3. Utilities or services, if any, to be carried over the 
bridge and if so, nature thereof (e.g. Telephone Cables, Water Conduits, 
Gas Pipes, etc.) and relevant information regarding size, arrangement, etc. 

102.7.4. The minimum vertical and horizontal clearances 
required for any special requirement like navigation, aggradation of the bed, 
etc., and the basis on which it is suggested. 

102.7.5. An index nniap showing location of rail and road 
bridges, if any, crossing the same channel or its U-ibutaries within a 
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reasonable distance of the proposed bridge 4nd a note (with sketches or 
drawings) giving important details of such bridges. 

102.7.6. A note stating whether large trees and rolling debris 
etc., are likely to float down the channel at the proposed bridge site. 

102.7.7. Details of protective works, including guidebunds, if 
any, provided for structures across the same stream, upstream or 
downstream alongwith data of their behaviour, depth of scour etc. 

102.8. Any other additional information including further 
details regarding floods and bridges in the vicinity alongwith their 
performance which may be considered essential for complete and proper 
appreciation of the project. 

103. DETERMINATION OF DESIGN DISCHARGE 

103. 1 . The design discharge for which the waterway of the 
bridge is to be designed, shall be based on maximum flood discharge of 50 
years* return cycle. In case where the requisite information is not available, 
the design discharge shall be the maximum estimated discharge determined 
by consideration of the following or any other rational method. 

103.1.1. From the records available, if any, of discharge 
observed in the stream at the site of the bridge, or at any other site in its 
vicinity. 

103.1.2. From the rainfall and other characteristics of the 
catchment : 

i) By the use of an empirical formula, applicable to that region, or 

ii) By a recognised method, provided it is possible to evaluate for 
the region concerned the various factors employed in that method. 



103.1.3. By the area velocity method with the help of 
hydraulic characteristics of the channel. 

103.1.4. By unit Hydrograph Method (See Appendix- 1). 
Flood estimation reports in respect of totar21 climatic sub- zones 
(Appendix 1(a)) in the country have been prepared based on the 
hydro-meteorological data collected for selected catchments of areas 
varying from 25 to 1500 sq.km. and are available with the Director, 
Hydrology (small catchments). Central Water Commission, Sewa Bhavan, 
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R.K. Puram, New Delhi. The methodology recommended in the relevant 
sub-zone report pertaining to a particular region may be followed for 
assessment of maximum discharge for the design of bridges. 

103.2. Where possible, more than one method shall be 
adopted, resuhs compared, and the maximum discharge fixed by judgement 
by the engineer responsible for the design. The bridge shall be designed 
for this maximum discharge. However, for catchment areas covered by 
sub-zones mentioned in Appendix 1(a), the maximum discharge shall be 
assessed on the basis of the flood estimation report for the said sub- zone. 

103.3. Freak flood discharges or exceptional discharges of 
high intensity due to the failure of a dam or tank constructed upstream of 
the bridge need not be catered for and the maximum estimated discharge 
from the catchment area or normal peak flood discharge from the 
dam/spillway (to be ascertained from the Irrigation Authorities), whichever 
is more, shall be considered for design of the bridge. 

Note: In cases where the design discharge cannot be properly 
quantified and in spill zones of rivers known for freak 
floods, the abutments may be designed as abutment piers 
to leave scope for future extension. 

104. DETERMINATION OF LINEAR WATERWAY AND 
EFFECTIVE LINEAR WATERWAY 

104.1. For artificial channels (irrigation, navigation and 
drainage), the effective linear waterway should be adequate to pass the full 
discharge at designed velocity but concurrence sha)l invariably be obtained 
from the authority controlling the channel. If it is proposed to flume the 
channel at the site of the bridge, this fluming shall be subject to the consent 
of the same authority and in accordance with the essential requirements. 

104.2. For non-meandering channels in alluvial beds but 
with well deflned banks and for all natural channels in beds with rigid 
inerodible boundaries, the linear waterway shall be the distance between 
banks at that water surface elevation, at which the designed maximum 
discharge determined in accordance with Clause 103, can be passed without 
creating harmful afflux. 

104.3. For natural channels in alluvial beds and having 
undefined banks, the effective linear waterway shall be determined from 
the design discharge using some accepted rational formula at the discretion 
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of the engineer responsible for the design. One such formula for regime 
conditions is : 

w = cVq^ 



where 

W = regime width in metres (equal to effective linear waterway 
under regi me condi tion ) 

Q = the design maximum discharge in m"^/sec; 

C = a constant usually taken as 4.8 for regime channels but it 
may vary from 4.5 to 63 according to local conditions. 



104.4. If the river is of a flashy nature and the bed does not 
submit readily to the scouring effects of the flood, the waterway should be 
determined by the area velocity method taking into account the design flood 
level and its waterspread, the characteristics of the bed materials and the 
water surface slope. 

104.5. In cases of bridges located in tidal zones, where it is 
decided to adopt measures likely to affect the volume of the tidal flow and 
other characteristics of the tide, it shall be ensured that no port or harbour 
or other installations in the proximity of the bridge are adversely affected. 

104.6. For calculating the effective linear waterway (as 
defined in Clause 101.9), the width of obstruction due to each pier shall be 
taken as the mean submerged width of the pier and its foundation upto the 
normal scour level. The obstruction at the ends due to the abutments or 
pitched slopes duly protected shall be ignored. 

104.7. For unstable meandering rivers flowing through a 
number of subchannels separated by land or shallow section of nearly 
stagnant water and having width much in excess of the regime width, it is 
necessary to constrict the channel by providing training works to prevent 
the main channel from wandering about freely and for minimising the 
resultant oblique attack on bridge foundations and approaches. The extent 
of constriction and the design of training works in such cases should, 
preferably, be decided on the basis of model studies, keeping in view the 
ultimate economy, safety, durability and aiming at optimal recurring 
maintenance needs of the structure. 

104.8. Effect of presence of Dams, Barrages, Wiers, 
Sluice Gates etc. 



104.8.1 . Presence of dams, barrages, wiers, sluice gates etc., 
on the rivers affect their hydraulic characteristics like causing obliquity and 
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concentration of flow, scour, silting of bed, change in flow levels, bed levels 
etc. These effects shall be considered in the design of bridges depending 
upon whether the proposed site of the bridge is upstream or downstream of 
a dam or a barrage, or wier etc. 

104.8.2. Since the above parameters depend on many factors 
which are varying from site to site, no uniform guidelines can possibly be 
laid down. Such problems may be jointly taken up with the concerned 
Departments and suitable provision made in the bridge design. 

105. SPACING AND LOCATION OF PIERS AND ABUTMENTS 

1 05 . 1 . Piers and abutments shall be so located as to make the 
best use of the foundation conditions available. 

105.2. Keeping in view Clause 105.1 above, the number of 
supports and their locations shall be so fixed as to provide the most 
economical design of the bridge and at the same time satisfy special 
requirements, if any, for navigation, railways or other crossings in 
consultation with the concerned authorities, floating logs or debris and 
bridge aesthetics, etc. 

1 05.3. The alignment of the piers and abutments shall, as far 
as possible, be parallel to the mean direction of flow in the channel, as well 
as the direction of other piers and abutments in the vicinity, but provision 
shall be made against harmful effects on the stability of the bridge structure 
and on the maintenance of the channel banks, contiguous to the bridge due 
to any temporary variations in the direction and velocity of the current. 

105.4. Placing a pier at the deepest portion of an active 
channel may be avoided by suitably adjusting the number and length of the 
spans. 

106 . VERTICAL CLEARANCES 

106. 1. In the case of a channel, vertical ctearance is usually 
the height from the design highest flood level with afflux of the channel to 
the lowest point of the bridge superstructure at the position along the bridge 
where clearance is being denoted. 

106.2. Clearance shall be allowed according to navigational 
or anti-obstruction requirements in consultation with the concerned 
authorities. Where these considerations do not arise, the vertical clearance 
shall ordinarily be as follows : 
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1 06.2. 1 . For openings of high level bridges, which have a flat 
soffit or soffit with a very flat curve, the minimum clearance shall be in 
accordance with the following table. The minimum clearance shall be 
measured from the lowest point of the deck structure inclusive of main 
girder in the central half of the clear opening unless otherwise specified. 



Discharge in m^/sec 


Minimum vertical 


clearance in mm. 


UptoO.3 


150 


Above 0.3 & upto 3.0 


450 


Above 3.0 & upto 30.0 


600 


Above 30.0 & upto 300 


900 


Above 300 A upto 3000 


1200 


Above 3000 


1500 



106.2.2. For arched openings of high level bridges having 
overhead decking, the clearance below the crown of the arch shall not be 
less than one tenth of the maximum depth of water plus one-third of the rise 
of the arch intrados. 

106.2.3. In structures provided with metallic bearings, no part 
of the bearings shall be at a height less than 500 mm above the design 
highest flood level taking into account afflux, 

106.2.4. In the case of artiflcial channels having controlled 
flows and carrying no floating debris, the engineer responsible for design 
may, at his discretion, provide less vertical clearance than that gpecifled in 
Clauses 106.2.1 & 106.2.2 above. 

106.2.5. In the case of bridges in sub-mountainous region and 
across aggrading rivers, silting of the bed of the river should also be taken 
into consideration while flxing the vertical clearance. 

107. FREEBOARD 

107.1. The freeboard for the approaches to high level 
bridges shall not be less than 1750 mm. 

107.2. For aggrading rivers in Himalayan foot-hills and 
flood-prone areas of North-Eastem States, North Bengal etc., the freeboard 
shall be suitably increased. 
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108. RESTRICTED WATERWAYS 

Restriction of the waterway as determined by Clause 104 may be 
done giving careful consideration to the resulting effects based on site 
conditions in the individual cases. 

When the waterway is restricted to such an extent that the resultant 
afflux will cause the channel to discharge at erosive velocities, protection 
against damage by scour shall be afforded by providing deep foundations, 
curtain or cut-off walls, rip-rap, bed pavement, bearing piles, sheet piles or 
other suitable means. Likewise, embankment slopes adjacent to all 
structures subjet to erosion shall be adequately protected by pitching, 
revetment walls or other suitable measures. 

109. OBSTRUCTIONS AND RIVER TRAINING 

Obstruction in the channel bed likely to divert the current or cause 
undue disturbed flow or scour and thereby endanger the safety of the bridge 
shall be removed as far as practicable from within a distance upstream and 
downstream of the bridge not less than the length of the bridge subject to a 
minimum of 100 metres in each direction. Attention shall be given to river 
training and protection of banks over such lengths of the river as required. 

110. DETERMINATION OF THE MAXIMUM DEPTH OF SCOUR 

11 0.1. The probable maximum depth of scour to be taken 
for the purpose of designing foundations for piers, abutments and river 
training works shall be estimated after considering all local conditions over 
a reasonable period of time. The following may help in deciding the 
maximum scour depth. 

110.1.1. Wherever possible, soundings for the purpose of 
determining the depth of scour shall be taken in the vicinity of the site 
proposed for the bridge. Such soundings are best taken during or 
immediately after a flood before the scour holes have had time to silt up 
appreciably. Allowance shall be made in the observed depth for increased 
scour resulting from : 

i) the design discharge being greater than the flood discharge. 

ii) the increase in velocity due to obstruction in flow caused by 
construction of the bridge. 

iii) the'increase in scour in the proximity of piers and guide bunds. 
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110.1.2. Discharge for Design of Foundations and 
Protection Works 

To provide for an adequate margin of safety, the foundation and 
protection works shall be designed for a larger discharge which should be 
a per cent over the design discharge given in Clause 103, for which 
reference may be made to the relevant provision contained in IRC:78 
(Bridge Code Section VII). 

110.1.3. The following theoretical method may be adopted 
when dealing with the natural channels flowing in non-co-herent alluvium 
for the estimation of mean depth of scour 'Dsm' in metres. 



1/3 



Dsm = 1.34 



ksf 



where 



Db = the discharge in Cumecs per metre width. The value of 'Db' 
shall be the maximum of the following : 



i) the total design discharge divided by the effective linear 
waterway between abutments or guide bunds, as the case 
may be. 

ii) the value obtained taking into account any concentration 
of flow through a portion of the waterway assessed from 
the study of the cross-section of the river. Such modi- 
fication of the value may not be deemed applicable to 
minor bridges of length uplo 60 m. 



iii) actual observations, if any. 



ksf = the silt factor for a representative sample of the bed materials 
obtained upto the maximum anticipated scour level and is 
given by the expression 1.76Vdm where 'dm' is the 
weighted mean diameter of the bed material in mm. 

Note: i) The effective linear waterway shall be determined in accordance 
with Clause 104.6 and in no case shall exceed the value assessed 
as per Clause 104.3. 

ii) A typical method of determining *dm' is set forth in Appendix-2. 



18 



IRC:5-1998 



ii'i) The value of *ksf' for various grades of bed materials normally 
encountered are given below for general guidance only. 



Type of bed 


weighted mean 


Value of silt 


material 


diameter of particle 


factor 




in mm, dm 


ksf 


tine silt 


0.081 


0.500 


fine silt 


0.120 


0.600 


fine silt 


0.158 


0.700 


medium silt 


0.233 


0.850 


standard silt 


0.323 


1.000 


medium sand 


0.505 


1.250 


coarse sand 


0.725 


1.500 


fine bajri & sand 


0.988 


1.750 


heavy sand 


1.290 


2.000 



The value to be adopted for the purpose of design should be 
determined after laboratory testing of the representative samples of bed 
materials collected during the sub-soil exploration. 



1 10. 1 .4. If a river is of flashy nature and the bed does not lend 
itself readily to the scouring effect of floods, the formula for Osm given in 
the Clause 1 10.1.3 shall not apply. In such cases, the maximum depth of 
scour shall be assessed from actual observations. 

1 10.1.5. For bridges located across streams having bouldery 
beds, there is yet no rational formula for determining scour depth. 
However, the formula given in Clause 110.1.3 may be applied with a 
judicious choice of value for Db and Ksf and the results compared with the 
actual observations at site or from experiences on similar structure nearby 
and their performance and decision taken based on sound engineering 
judgement. If a pucca floor at bed is provided, it is essential to check the 
hydraulic performance of these structures under various flow conditions to 
ensure that a standing wave is not formed on the downstream side which 
may result in very heavy scour. It is also essential to check the usual scour 
that may take place downstream of a bed flooring and to make adequate 
provision for the same. If it is not possible to increase the waterway and 
avoid the formation of a standing wave, a depressed pucca floor on the 
downstream may be provided to contain the standing wave within the floor. 

111. KERBS 

111.1 The section given in Fig. 2 is indicative and shall be 
generally adopted for the road kerb. For bridges across deep gorges, major 
rivers, open sea, breakwaters etc. where crash barriers are not provided, the 
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road kerb shall be considered as fully unsurmountable. In such cases, the 
kerb section shown in Fig. 2 shall be suitably modified 

INNER FACE OF PARAPET 

I 

^ 225(MIN.) 

175 (MIN.) ,| ?? |^^ 
I I 




Fig 2 Outlioe of Road Kert> (Clause 111.1) 
(All dimensions are in Millinnetres) 

1 1 1 .2. The section of the kerb should be so designed that it 
would be safe for vertical and horizontal loads as per relevant Clauses in 
IRC:6. 

111.3. A safety kerb will have the same outline as that of a 
roadway kerb except that the top width shall not be less than 750 mm. 

112. WIDTH OF CARRIAGEWAY, FOOTPATH AND MEDIAN 

112.1. For high level bridges consuiicted for the use of road 
traffic only, the width of carriageway shall not be less than 4.25 m for a 
single lane bridge and 7.5 m for a two-lane bridge and shall be increased 
by 3.5 m for every additional lane of traffic for a multiple lane bridge. Road 
bridges shall provide for either one lane, two lanes or multiple of two lanes. 
Three-lane bridges with two directional traffic shall not be constructed. If 
a median/central verge is constructed in a wide bridge thus providing two 
separate carriageways, the carriageway on each side of the verge shall 
provide for at least two lanes of traffic and width thereof shall individually 
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comply with the minimum requirements stipulated above. The width of 
central/ verge/median, when provided, shall not be less than 1.2 metres. 

In addition, cross-sections of 2-lane and multi-lane bridges shall 
satisfy the following : 

i) For all minor bridges of total length upto 60 m, width between 
the outermost faces of the bridge shall be equal to the full 
roadway width of the approaches subject to a minimum of 10 m 
for hill roads/other district roads and 12 m for other cases. 

ii) For two lane bridges having total length more than 60 metres in 
non-urban situations, the width of the bridge shall provide for 
7.5 m carriageway plus a minimum of 1.5 m wide footpath on 
either side, wherever required. 

iii) For two lane bridges having total length more than 60 m in urban 
situations, the overall width between the outermost faces of the 
bridge shall be equal to the full roadway width of the approaches. 

iv) For multi-lane bridges, in both urban and non-urban situations, 
the overall width between the ou .rmost faces of the bridge shall 
be the same as the full roadway width of the approaches. 
Wherever footpaths are provided, their width shall not be less 
than 1.5 m. The width of the median in the bridge portion shall 
be kept same as that in the approaches. 

v) For bridges on expressways, the provisions in sub-clause (iv) 
shall be satisfied and the carriageway width shall not be less than 
the width of carriageway in the approaches plus hard shoulders. 

1 1 2.2. For bridges carrying combined road and tramway or 
any other special type of traffic, the widths indicated in Clause 1 12. 1 shall 
be modified to suit these special requirements.- 

1 12.3. Vented causeways/submersible bridges shall provide 
for at least two lanes of traffic as specified in Clause 1 12.1 above unless 
one lane of U-affic is specially permitted in the design. 

112.4. For a bridge on a horizontal curve, the roadway width 
shall be increased suitably to conform to the requirements stipulated in the 
relevant IRC Road Standards. 
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1 12.5. When a footpath is provided, its width shall not be 
less than 1.5 metres. For urban and populated areas having large 
concentration of pedestrian traffic, the width of the footpath shall be 
suitably increased. 

113. SUPERELEVATION 

113.1. The super elevation on the deck of a bridge on a 
horizontal curve shall be provided in accordance with the relevant IRC 
Road Standards. 

113.2. Due allowance shall be made for the effect of 
superelevation on the stresses in the various members of the bridge. 

1 13.3. If there is a change of gradient on the bridge deck, 
suitable vertical curve shall be introduced conforming to the stipulations 
contained in IRC:SP-23. 

114. CLEARANCES 

1 14.1. The minimum horizontal clearance shall be the clear 
width and the minimum vertical clearance the clear height available for the 
passage of traffic. 

1 14.2. The minimum horizontal and vertical clearances for 
single lane and multiple lane bridges with vehicular traffic shall be as shown 
in Fig. 3. 

114.3. For Road Over Bridges across railway lines, 
horizontal and vertical clearance shall be governed by the requirements of 
the Railways as per their specifications. 

114.4. Unless otherwise specified, bridges shall have all 
their parts constructed to secure the minimum clearances for traffic given 
in Fig. 3. 

1 14.5. For footways and cycle tracks, a minimum vertical 
clearance of 2.25 metres shall be provided. 

1 14.6. For a bridge constructed on a horizontal curve with 
superelevated road surface, the horizontal clearance shall be increased on 
the side of the. inner kerb by an amount equal to 5 metres multiplied by the 
superelevation. The minimum vertical clearance shall be measured from 
the superelevated level of the roadway. Extra horizontal clearance required 
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for the superelevation will be over and above the increase in width requiced 
on a curve under Clause 1 12.4. 



HORIZONTAL CLIARMCZ 




.HALF SECTION SHOWING 
MAIN FIXED STRUCTURE 
BETWEEN END POSTS 
OF/ON ARCH RIBS 



HALF SECTION 
INTERMEDIATE 
PORTIONS 



125 / 



HORIZOMTAL CLDtfUNCC 



WIDTH or, ROADWAY 



LEVEL OF CROWN. 
OF ROAD I 
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HALF SECTION SHOWING i HALF SECTION 



MAIN FIXED STRUCTURE 
BTTWEEN END POSTS 
OF/ON ARCH RIBS 



INTERMEDIATE 
PORTIONS 



(o) Single lont bridg* (b) Multipl* lon« bridQ* 

• , In urbon oreo provide 5500mm 



FIG. 3. Clearance Diagram (Clause 114.2) 
(All Dimensions are in Millimetres) 
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114.7. Vertical and lateral clearances at underpasses shall be 
provided in accordance with the stipulations contained in IRC:54-Lateral 
and Vertical Clearances at Underpasses for Vehicular Traffic. 

115. RAILINGS, PARAPETS OR GUIDE POSTS 
115.1. High Level Bridges 

1 15. 1.1. Substantial railings or parapets along each side of the 
bridge shall be provided for the protection of traffic. Consideration shall be 
given to the architectural features of the railing or parapet to obtain proper 
proportioning of its various members and its harmony with the structure 
and the environment as a whole. For bridges situated in severe marine 
environment, solid wall type parapets along each side of the bridge shall be 
preferred for better serviceability. Consideration shall be given also to 
avoid, as far as is consistent with safety and appearance, obstruction of the 
view from the passing motor cars. 

115.1.2. Railings or parapets shall have a minimum height 
above the adjacent roadway or footway safety kerb surface of 1 . 1 metres 
less one half the horizontal width of the top rail or top of the parapet. For 
bridges exceeding 300 metres in length, the height of railings, determined 
in the manner stipulated above, shall be increased by 100 mm. The forces 
to be considered in design shall be as per relevant stipulations of IRC:6. 
For R.O.Bs across railway lines, these requirements shall be governed by 
those for railways' safety. 

1 15.1.3. Where a road provided with cycle tracks goes over a 
bridge and the cycle track is located immediately next to the bridge railing 
or parapet, the height of the railing or parapet shall be kept 15 cm higher 
than that reqired as per Clause 1 1 5. 1 .2 above. 

1 15. 1 .4. The clear distance between the lower rail and the top 
of the kerb shall not exceed 150 mm unless the space is filled by vertical or 
inclined members, the clear distance between which is not more than 150 
mm. The su^ength of the lower rail shall be at least as great as that of the 
lop rail. The space between lower rail and the top rail shall be filled by 
means of vertical, horizontal or inclined members, the clear distance 
between which shall be fixed with due regard to the safely of persons and 
animals using the structure. 
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1 15.1.5. Guard rails shall be provided at the high approaches. 
The design, layout and materials chosen tor the rails shall suitably blend 
with the surroundings. 

115.2. Submersible Bridges 

115.2.1. Railings shall be either collapsible or removable. 

1 1 5.2.2. Collapsible railing shall be used where it is necessary 
to put up the railings immediately when the bridge is opened to traffic after 
a submerging flood has receded. Care shall be taken in the structural design 
of these railings to ensure that they sit well in their grooves and are not liable 
to be dislodged by floods. 

115.2.3. Removable type of railings may be adopted when 
there is no danger to the traffic using the bridge for short period without 
railings. Care shall be taken in the structural design of these railings to 
ensure that the various members are interchangeable and can be easily 
removed and refitted. 

1 15.2.4. Collapsible or removable railings shall be designed 
to resist as far as possible the same forces as specified in Clause 1 1 5. 1 .2 for 
railings or parapets on high level bridges. 

1 15.3. Vented Causeways 

Guide posts/stones may be used in lieu of railings, if the 
submergence of the lo^d surface over the causeway is so frequent as to 
render the use of removable or collapsible railings unsatisfactory. 

115.4. Crash Barriers 

1 1 5.4. 1 . Suitably designed crash barriers shall be provided at 
the following situations to safeguard against errant vehicles : 

i) Multi-lane bridges and bridges on expressways 

ii) Flyovers and interchanges in urban situations 

iii) R.O.Bs across railway lines 

iv) Open sea, breakwaters, deep valleys/gorges 
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For other cases, decision may be taken by the appropriate authority 
duly considering the importance of the structure and the level of safety 
warranted. 

1 1 5.4.2. Crash barriers, when provided, shall be essentially of 
the following types : 

i) Vehicle Crash Barrier : Provided for bridges without footpaths 
to contain errant vehicles. 

ii) Combination Railing/Vehicle Pedestrian Crash Barrier : 

Provided for bridges with footpaths to contain vehicles and 
safeguard pedestrians. 

iii) High Containment Barriers : Provided mainly on bridges over 
busy railway lines, complex interchanges and other similar 
hazardous and high risk locations to contain errant vehicles and 
redirect them back into the fraffic flow. 

115.4.3. Typical shapes and dimensional details of crash 
barriers and their locations on the bridge decks with or without footpaths 
are shown ia Fig. 4. These may be suitably modified and augmented 
depending on the developments in design and future functional 
requirements in individual cases. 

1 1 5.4.4. Crash barriers shall be of metal or reinforced concrete 
and their design shall take into consideration the following factors : 

i) Impact of vehicles colliding with the barrier 

ii) Safety of occupants of a vehicle colliding with the barrier 

iii) Safety of other vehicles near the collision site 

iv) Safety of vehicles or pedestrians underneath the bridge 

v) Aesthetics and freedom of view from passing vehicles 

1 15.4.5. Crash barriers shall provide a smooth and continuous 
face on the traffic side and shall be suitably extended into the approaches. 
Exposed rail ends, posts and sharp changes in the geometry of the railings 
shall be avoided. Suitable reflective (luminous) devices shall be provided 
on the traffic face of the barrier at intervals to ensure adequate visibility 
during night and foggy conditions. 
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116. DRAINAGE OF CARRIAGEWAY AND SURFACE FINISHES 

116.1. The high level bridges may preferably be built in 
longitudinal gradient with suitably designed cross drains at abutment 
locations to facilitate proper drainage. 

1 16.2. For drainage of a road over bridge/flyover, a suitably 
designed drainage arrangement should be provided. This may consist of 
vertical C.I. or rigid PVC pipes connecting the downspouts below the deck 
with funnels and along the pier upto ground level and eventually joined to 
the road drainage system. Suitable vertical recess in the piers may be 
provided to accommodate the drainage pipes rather than providing drip 
courses underneath the deck slab. 

116.3. All carriageways and footpath surfaces shall have 
anti-skid characteristics. 

117. ACCESS FOR INSPECTION AND MAINTENANCE 

The design of the bridge structure shall be such as to provide for 
adequate access to all parts of the bridge to facilitate future inspection and 
maintenance operations. 

118. ROAD SIGNS AND SIGNALS 
118.1. General 

i) All multi-lane bridges, complex interchanges and grade separated 
structures shall be provided with overhead signs and signals 
conforming to the provision contained in IRC:67. Non-luminous 
signs, however, shall not be permitted. 

ii) The location of sign boards, barrier kerbs and supporting system 
should be designed and planned alongwith the project and details 
of the scheme shown in a drawing drawn to a scale of 1:500. 
Signages required on bridge decks shall be placed behind roadside 
barriers. The sign supports shall be structurally safe and properiy 
anchored to the bridge deck. The bridge deck shall be designed 
to withstand all such loads. 

iii) Provision shall be made to accommodate overhead signs or 
cantilever signs with requisite supporting system. If necessary, 
the median/railing area can be increased locally to accommodate 
the massive supports. Wherever signs are to be illuminated or 
signals to be operated, necessary arrangements shall be made for 
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cable ducts. Typical arrangement of supports for overhead 
structures is shown in Fig. 5. 



PAVED 
FOOT PATH 



1000 



^1 

CARRIAGEWAY 3 



t75 
2 



CANTILEVER SUPPORT 



2 



o 



CENTRAL VERGE 



o 



BUTTERFLY SUPPORT 



CARRIAGEWAY^ 




GANTRY SUPPORT 



Fig. 5 Typical Arrangement of Supports for Overhead Structures 
(CUuse liS.Kiii) 
(All Diniensions are in Millintetres) 
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118.2. Vertical Clearance 

The minimum vertical clearance above the roadway in any traffic 
lane upto the lowest point of the sign or any part of the signage structure or 
to lamps mounted below the sign shall be 5.5 m. In case of signages 
mounted over footway, shoulder or parking lane, the vertical clearance may 
be reduced to 5 m. 

118.3. Lateral Clearance 

The sign supports should be placed at a minimum 1.0 m clear 
distance behind the traffic face of the roadway kerbs. In longitudinal 
direction, it shall be placed at a minimum distance of 6 metre from the 
beginning of a traffic island in any high speed approach direction. On high 
speed roads, the support shall either be at 9 metre minimum clear distance 
from the edge of carriageway or adequately protected by ground fence and 
located at a minimum 0.6 metre clear distance behind the guard rail or 
parapet/crash barrier. 

119. UTILITIES 

Where required, provision shall be made for traction wire 
supports, poles or pillars for lights, trenches or other suitable places for the 
installation of electric or telephone conduits, water or gas pipes and other 
similar utilities or services with due care for durability and serviceability 
of the bridge and its approaches. 

120. APPROACHES TO BRIDGES 

120.1. The approaches on either side of a straight bridge 
shall have a minimum straight length of 15 metres and shall be suitably 
increased where necessary to provide for the minimum sight distance for 
the design speed. Minimum surfaced width of these straight lengths of 
approaches shall be equal to the carriageway width on the bridge. 

Note: In difficult situations, the Engineer responsible for the design may 
at his discretion permit a reduction in the minimum straight length 
of approaches, provided reasons for making a departure from the 
Code are clearly recorded. 

120.2. Where horizontal curves have to be provided on the 
approaches beyond the straight portion on either side, the minimum radius 
of curvature, the superelevation and transition length for various speed and 
the curve radii shall be provided in accordance with relevant stipulations 
contained in IRC:38. 
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1 20.3. If the approach is in filling, borrowpits should not be 
dug close to the embankment to avoid risk of parallel flow being developed 
which may endanger safety of the embankment. Suitable minimum 
distance froni the toe of embankment and depth of borrow pits for the 
immediate approaches of the bridge may be specified for each case, 
depending on the size of the channel and topographical conditions of the 
area. In this connection, provision made in IRC: 10 "Recommended 
Practice for Borrowpits for Road Embankments Constructed by Manual 
Operation" may also be kept in view. 

120.4. If there is a change of gradient, suitable vertical 
curves shall be introduced conforming to relevant stipulations contained in 
IRC:23. A single vertical curve shall be provided for bridges having a 
total length upto 30 m. 

120.5. Approaches to submersible bridges/vented 
causeways likely to be affected by floods shall be provided with suitably 
designed protective works. 

121. BEARINGS AND EXPANSION JOINTS 

121.1. Bearings for the bridges shall be designed for all 
movements and rotations as applicable and conform to the provision 
contained in IRC:83 Parts I & II. 

121.2. To cater for expansion and contraction movements, 
suitably designed expansion joints shall be provided at the expansion ends 
of all spans and at other points where they may be necessary alongwith 
appropriate drainage arrangement. The number of such expansion joints 
shall be kept minimum, as far as practicable. Care shall be taken to ensure 
watertightrtess of the expansion joints. 

122. BRIDGE FOUNDATIONS 

The foundations for piers and abutments shall be at such depths 
that they are safe against scour and large impacts where necessary and arc 
protected against it. They shall be taken down to a level sufficient to secure 
firm foundation from consideration of bearing capacity, overall stability 
and suitability of the strata at the founding level and upto sufficient depth 
below it. The foundations shall be designed in accordance with the 
provisions made in IRC:78. 
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123. ILLUMINATION OF BRIDGE DECK 

123.1. Illumination for bridges, grade separators and 
interchanges shall be decided by the appropriate authority and conform to 
the following requirements : 

i) Lighting masts may be of the conventional type of suitable 
heights not less than 5.5 metres. The design of the bridge should 
duly account for the above provision and the loads therefrom. 

ii) The choice of lamps may be any of the following: 



a) 


Incandescent lamps 


b) 


Mixed incandescent and high pressure mercury vapour 




lamps 


c) 


High pressure mercury vapour lamps with clear or 




fluorescent bulbs 


d) 


Tubular fluorescent lamps 


e) 


Sodium vapour lamps 


0 


Mercury-haiide lamps and 


g) 


High Pressure sodium vapour lamps 



iii) The arrangement of the masts i.e. its height and spacing should 
be such as to achieve a minimum level of illumination on the 
bridge deck of the order of 30 lux. 

123.2. The installation, lighting arrangement, method of 
control, switches etc. shall all conform to the provision contained in 
IS: 1944. 

123.3. At highway interchanges, different lighting 
arrangements viz. low masts or high masts or combination of both may be 
considered and the one which gives optimum resuks from the view points 
of aesthetics, safety, illumination and ease of maintenance may be adopted. 
Light colour distinction at junctions to give an early warning signal to 
approaching vehicles may also be considered. 

123.4. Illumination levels for the vehicular and pedestrian 
subways/underpasses may be kept same as those on the approaches at either 
end of the subway/underpass. 

124. BRIDGE AESTHETICS 

Visual forms of bridges, viaducts or flyover structures etc. should 
be selected with care to be in harmony with the general landscape with a 
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view to maintaining the aesthetics of the surrounding. While planning such 
structures^ the following general requirements may be kept in view : 



i) 


Dimensions and proportions of various elements from the point 




oi naiiiiony aiiQ inicgrdiiun iniu inc cnvirunincni anu ucing 




pleasing to the viewers. 


ii) 


Symmetry of structure 


iii) 


Surface of structure 


iv) 


Form or appearance in totality 


V) 


Abstract structural form of the bridge/viaduct viewed as an 




independent object. 
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APPENDIX! 
Clause 103.1.4 

UNIT HYDROGRAPH METHOD 



The Unit Hydrograph, frequently termed as the unit graph, is 
defined as the hydrograph of storm run-off at a given point in a river, 
resulting from an isolated rainfall of unit duration occuring uniformly over 
the catchment, and producing a unit run-off. The unit run-off adopted is 
1 cm depth over a catchment area. 

The term "Unit-Rainfall Duration" is the duration of rainfall 
excess resulting in the unit hydrograph. Usually, unit hydrographs are 
derived for specified unit durations, say, 6 hours, 12 hours, etc., and derived 
unit hydrographs for durations other than these are converted into unit 
hydrographs of the above unit durations. The duration selected should not 
exceed the period during which the storm is assumed to be approximately 
uniform in intensity over various parts of the catchment. A 6 hours unit 
duration is suitable and convenient for studies relating to catchments larger 
than 250 sq.km. 

The unit hydrograph represents the integrated effects of all the 
basin constants, viz., drainage area, shape, stream pattern channel 
capacities, stream and land slopes. 

The derivation and application of the unit hydrograph is based on 
the following principles : 

1 ) All the characteristics of the catchment of a river arc reflected in 
the shape of the hydrograph of run-off. 

2) At a given point on a river for all storms having the same duration 
of rainfall excess above this point and uniformly distributed with 
respect to time, the discharge ordinates of the hydrograph arc 
proportional to rhe total volumes of storm run-off This implies 
that rainfall excess of say 2 cm within the unit of duration will 
produce a run-off hydrograph having ordinates twice as great as 
those of the unit hydrograph. Also, if individual hydrographs are 
obtained from separate periods of uniform rainfall excess that 
may occur throughout a storm period, and these are properiy 
arranged with respect to time, the ordinates of the individual 
hydrographs can be added to give ordinates representing the total 
storm run-off hydrograph for the entire storm period. 
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Three methods are generally available for giving unit hydrographs 
at any point in a river. 

i) By analysis of rainfall and run-off records for isolated unit storms; 

ii) By analysis of the run-off compound hydrographs; 

iii) By computation of synthetic unit hydrographs when sufficient 
rainfall and run-off data are not available. 

The determination of design flood* after the unit hydrograph has 
been derived, involves the following steps : 

a) Division of catchment into sub-areas, if necessary. 

b) Derivation of design storm and its apportionment to sub-area. 

c) Determination of minimum retention rate and calculation of 
rainfall excess of design storm. 

d) Arrangement of design storm. 

e) Application of rainfalt excess to unit hydrographs for each 
sub-area. 

0 Routing of flood for each sub-area to the point of collection of the 
whole catchment. 

A rational determination of critical design storm for a catchment 
requires a comprehensive study of major storms recorded in the region and 
an evaluation of effects of local conditions upon rainfall rate. This is 
particularly necessary in the case of design storms covering a large area of 
several thousand s^tiare kms. 

In the case of areas less than a few thousand square kms, certain 
assumptions can be made regarding rainfall patterns and intensity variations 
without being inconsistent with meteorological causes. They simplify 
design-storm estimation, but would entail high degree of conservation. 
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APPENDIX 1(a) 
Clause 103.1.4 

REPORTS BROUGHT OUT BY CENTRAL WATER 
COMMISSION 



UNDER LONG TERM PLAN 



SI. Name of Sub-zone Sub-zone 

No. No. 



1 . Chambal sub-zone 1 (b) 

2. Betwa sub-zone 1(c) 

3. Sone sub-zone Ud) 

4. Upper Indo-Ganga Plains sub-zone 1 (e) 

5. Middle Ganga Plains sub-zone 1 (0 

6. Lower Gangetic Plains sub-zone 1 (g) 

7. North Brahmaputra basin sub-zone 2(a) 

8. South Brahmaputra basin sub-zone 2(b) 

9. Mahi and Sabarmati sub-zone 3(a) 

1 0. Lower Narmada and Tapi sub-zone 3(b) 

1 1 . Upper Narmada and Tapi sub-zone 3(c) 

12. Mahanadi sub-zone 3(d) 

13. Upper Godavari sub-zone 3(e) 

14. Lower Godavari sub-zone 3(0 

15. Krishna & Pannar sub-zone 3(h) 

16. Kaveri river sub-zone 3(i) 
17. 

18. Eastern Coast sub-zones 4(a), 4(b) 

19. &4(c) 

20. I 

21 . I West Coast region sub-zones 5(a) & 5(b) 
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APPENDIX-2 
Qausetl 0.1.3 

TYPICAL METHOD OF DETERMINATION OF WEIGHTED 
MEAN DIAMETER OF PARTICLES (dm) 

Representative disturbed samples of bed materials shall be taken 
at every change of strata upto the maximum anticipated scour depth. The 
sampling should start from 300 mm below the existing bed. About 500 gms 
of each of the representative samples so collected shall be seived by a set 
of standard seives and the weight of soil retained in each seive is taken. The 
results thereof are then tabulated. A typical test result is shown below 
(Tables I & II) 



TABLE! 



Seive Designation 


Sieve 


Weight of Soil 


Per cent 




Opening 


retained (gm) 


retained 




(mm) 






5.60 mm 


5.60 


0 


0 


4.00 mm 


4.00 


0 


0 


2.80 mm 


2.80 


16.90 


4.03 


1.00 mm 


1.00 


76.50 


18.24 


425 micron 


0.425 


79.20 


18.88 


180 micron 


0.180 


150.40 


35.86 


75 micron 


0.75 


41.00 


9.78 


Pan 




55.40 


13.21 




Total : 


419.40 





TABLE-II 



Sieve No. 


Average 


Percentage 


Column (2) x 




size (mm) 


of weight 


column (3) 






retained 




(1) 


(2) 


(3) 


(4) 


4 00 to 2.80 mm 


3.40 


4.03 


13.70 


2 80 to 1.00 mm 


1.90 


18.24 


34.66 


1 00 to 425 micron 


0.712 


18.88 


13.44 


425 to 180 micron 


0.302 


35.86 


10.83 


180 to 75 micron 


0.127 


9.78 


1.24 


75 micron & below 


0.0375 


13.21 


0.495 








74 .365 



74.365 

Weighted mean diameter dm = 

100 
0.74365 
Say 0.74 



38 



